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(57) ABSTRACT

A cutting apparatus includes a holding member disposed at
a position opposed to a cutting blade and having an adhesive
layer removably holding an object, a pressing unit pressing
the object held by the holding member and having a contact
portion brought into contact with the object, a region speci-
tying unit specilying a region where an adhesive retention of
the adhesive layer 1s msuflicient along a cutting line of the
object cut by the blade, and a control unit controlling the
pressing unit so that when the object 1s cut by moving the
blade and the holding member holding the object relative to
cach other, at least either an amount of pressing or a pressing
force of the contact portion 1s changed between a case where
the region specified by the region specifying unit 1s cut and
a case where any part other than the specified region 1s cut.

2 Claims, 16 Drawing Sheets

511y RECEIVING CUTTING

START INSTRUCTION

512

SETTING RELATIVE
ATINITIAL SET SFPEED

SPEED OF CUTTER

513 MOVING CUTTER TO START POINT

514 OWERING PRESSER TO CUOTTING LEVEL

5.3 LOWERING CUTTER

=

816| STARTING CUTTING UNTIL NEXT POINT

517

SECOND SPEED AND PRESSING FORCE
SETTING PROCESSING

THEESHOLD T?

518/ ANGLE MADE BETWEEN NEIGHEBORING YES
LINE SEGMENTS SMALLER THAN

{ B8 <T7?)

N0 5o

FIRST SPEED AND PRESSING

FORCE S5ZTTING PROCESSING

519

OGN STANDBY FOR END OF CUTTING

521 B

522

523

2 CURRENT POINT END OF CUTTING DATA? )

YES

LIEFTING

U CUTTER

LIFTING

UP PRESSER

( ewp )




US 9,827,687 B2

Page 2
(51) Int. CL
B26D 7/04 (2006.01)
B26F 1/38 (2006.01)
(52) U.S. CL
CPC ............. B26D 5/00 (2013.01); YI0T 83/5669
(2015.04); YI10T §3/7573 (2015.04)
(56) References Cited

U.S. PATENT DOCUMENTS

2004/0094003 Al 5/2004 Bar-Erez
2005/0051011 A1* 3/2005 Onishi ................... B26D 1/035

83/428
2005/0186010 Al 8/2005 Shibata et al.
2006/0000338 Al 1/2006 Rankin et al.
2006/0200267 Al 9/2006 Aamodt et al.
2010/0278579 Al  11/2010 Ohashi

* cited by examiner



U.S. Patent Nov. 28, 2017 Sheet 1 of 16 US 9,827.687 B2

>
y
e
™
-
!
|
=
10b

10b




US 9,827,687 B2

Sheet 2 of 16

Nov. 28, 2017

U.S. Patent

¢ 9OId A
X =
v :
J
____-eg
= — BT
_ ik
1'E u
ully}
BER1
0Z T
...................................................................... 1)
@ Ii
N | u il X
Le \ 017 gz ¢
QL34

i



US 9,827,687 B2

Sheet 3 of 16

Nov. 28, 2017

U.S. Patent

32a—

FIG.3



U.S. Patent Nov. 28, 2017 Sheet 4 of 16 US 9,827.687 B2

45 48 ; 45a jrﬁjng
19 19a \\ 1 2 .

323. —_l /
n4a 544

i
1!

-
H
)
\._/

19¢c ——

39b < @m—- 54b
1 56b — “’""’560

i e L - -— -— -— - - LI -

T I /’____ 4 l| nfk
' / %373“’%‘: so. | ~—| | T | 45b
| v
/ 19b 56&/’ AN / 48
56

I 56 f 22b
22b 47 |—>

= N

FIG.4



U.S. Patent

Nov. 28, 2017 Sheet 5 of 16 US 9.827.687 B2
33D
993 q_,48 45 /5
SO
\ 19a >N
19 NN I IN50 W
ANAINNA AN
NSOUSONC ‘Q7 o1
/]
J
_JE \Q /{/‘/‘//Ljﬁif 593
\\ 2= ﬁ;f/
43 g w4
X /@ D
42D 428" Noe=—=246D 57
F . N -
r — W
“ 0D
—R\
37 — |
7
44/[“’" ood
42 -
7 A Y 777777777777

19h / 32D

@

29 33




U.S. Patent Nov. 28, 2017 Sheet 6 of 16 US 9,827.687 B2
23 33b
\ 19a 19¢ 454 A8 5
48 45
\ “E L) = NL50
S SRR = SN
N
B T N -
N
42aﬂ§ /7\ /
. ( ;ar I Lﬁé/ 03
42D 43—\ \% /3 =y
) \«—\&_ \ g 5.3; 3/
[ S 5] 46b
| o A==l 40D 57
“ = —/ -46a 52
NZZhey = 1=CV
5 e R@ N o 526
37 —= Ny § ; 4D
30 44— 564N/ N *%%f‘ 46 47
\ _ 42— D \1\\ N 57i//f
T OSSN Q Q; QD T
x \ HZa
N |
— 2 Q % NVUR B 155
N SN 56g
52d
19D BQ 32D obga
22 00 4 156¢
oba 4a 061



U.S. Patent Nov. 28, 2017 Sheet 7 of 16 US 9,827.687 B2

12a | 43
]
|

SND;
S A 42b

43 -

10a

X

/////'/////,%;"/////////

3b ;d<

10




US 9,827,687 B2

199 NVYH 1vd NYHIL
HHATIYNS ION ¥d0 OL 1Tv¥nOd ION SSHT SI NOISHHAY
ST NOISHHAVY NWAIHM NEMOYd SI. NAHM dTHH d99 IONNYD -
Hgd ddH30Xd LON Hyd SAHHADOXH
" NOISHHAY NAHM dTHH d99 LONNYD *| NOISHHOY NHHM NAMOYdg ST -
- d9 ILDHLrdo Y9 1DWrdO
& |
v o
E
e
P,
v 4
I~
= 1d4
S m (N
3 HY/ 4
X Hd 4
&
7

U.S. Patent

Sd LAAHS H0 NO

>HHAVY



US 9,827,687 B2

Sheet 9 of 16

99

Nov. 28, 2017

L)
\O

U.S. Patent

OT DId

YILYd DONILLAODO

79
AJOWHN T¥NGALXA

-lIi‘II-I'.I'II-.II.llI.llI.l._l.I_l._l.I“Il_lIl..i..'ll..ll-l..l-'lll :I||I'lIlII‘.l‘il.iI-lI'.IllI'lI.llIllI.l..III.I..lI.IlIII.llI-_I_I'.‘llll-l.illlll'l:

_ c9 Nvhel

w LINOALD ATONATOS

” HA 1 dd

_

|

w 29 WNOY

" ( LNANEIAOR

m BHmwmmm TYOTLIEEA ¥YAILIOD)

“ JOLONW SIXY-7

ﬂ 6 anT LINDYID

m TOIINOD

| LINDYTID (AdHd JAQTIOH ¥HILLND)

_ AATEA JOLON SIXVY-X

_ SYOSNAS SNOTHUVA

m

| _

_ ST T MG HHmmmmm (dA"Ed ILA9HS)
NOTIILZIAIO SNOIYVYA JOLONW SIXVY-A




U.S. Patent Nov. 28, 2017 Sheet 10 of 16 US 9,827.687 B2

33
03 g, 45a © 48 45
19 323L ;- i
\ ;& = 1} 50
—
_ " 19¢ — 54 a
o4 N D49 ff_,, 51
43
i L LIl
44— Sde A
I \ R \ ' 57
' - D2a
—1 J |- 52
P %’*\Jl T 526
41 AR L 47
30 e N # ~56b
\ - ) L// | 57a
32b7 =

| 1 A
— Q % i "; | 56g 0
\ "'x\ ,,l —— 1 8 /

/ | . 4
\.? < f\ /’X N \/ \/ ™ _\f\/\% \/_\

22 7z //? \A\Zj 12
45b/ 56a] 4 5g4, 10



U.S. Patent Nov. 28, 2017 Sheet 11 of 16 US 9,827.687 B2

o4 a
/_/51
1528 47,*
56b
4
oY 37T >
" T 521
32b =
= , L 53 /
I ————————| O ? i = = —0obg 5
/ ﬁ jl C}\ 13
/ll :}H{\] fi[\/‘\/\é\%‘/\f\/\f
38 /
20 /F/ | ///{/ //\VJ 12 \
a1 45b56" 564 | Dbga 10
4c 5ot

FIG.12



U.S. Patent Nov. 28, 2017 Sheet 12 of 16 US 9,827.687 B2

Lig,La2s(P)
L / N
[ |
Lor,L10s(P) [ [or,L3s
10 L3
[3g,Las(P)
|
L.ioE, L1s
Lo ' L4
Loz, Los [.4E, Lss
s _ Ls
Leg, .75
:L? e Lse,Les(P)
[.7e,Lss(P)
d
LlE,LZS(P>¢I‘~\H
| . ;
: ;, l
\ o O ’
3 7
\ ,.
. /
\“1 "/.-"
ISR V.S
L1 . [,
/ .
Lis [ on

FIG.13B



U.S. Patent Nov. 28, 2017 Sheet 13 of 16 US 9,827.687 B2

START

S11| RECEIVING CUTTING START INSTRUCTION

SETTING RELATIVE <D OF CUTTER

S12

ATINITIAL SET SPE

S131 MOVING CUTTER TO START POINT

S14 OWERING PRESSER TO CUTTING LEVEL

S15 LOWERING CUTTER

S1o6|l STARTING CUTT: (L NEXT POINT

ESSING FORCELE

ANGLE MADE BETWEEN NEIGHBORING
LINE SEGMENTS SMALLER THAN
 THRESHOLD T? (6 <T?)

S13

L

NO g2

FIRST SPEED AND PRESST
FORCE SETTING PROCESST

S19

ON STANDBY FOR END OF CUTTING

S2]

NO

(NG DAT

CURRENT PO: ) OF CUTT:
 YES

S22 IFTING UP CUTTER

ING UP PRESSER

7]
=
\_/

FIG.14



GT ODId

US 9,827,687 B2

Nd(lLHdd

\&
— CES| d™I™dS ANODHES I¥ ¥OILOW SNILLAS
-
-
e
@ 2dd O Tdd WOY¥A HADMOA ONISSHMI ONIDNATH
P,
€S S
- C0 NYHI HE9YYT ILNARNOHES
= ANIT INIEYND A0 HIONHET LND
M, ON
m 0 NYHIL ¥9d95¥VYT ST SNIILND
S crar \ JIANA INAWOES HANIT A0 HIONE

ce S

cdddds ddMO'T ddLLD
SHX HO dHHddS HAILVYTHY

JRAS

LAY LS

U.S. Patent



U.S. Patent Nov. 28, 2017 Sheet 15 of 16 US 9,827.687 B2

S471

NO / REMAINING CUT LENGTH OF CURRENT LIN.
\ SEGMENT IS SMALLER THAN « ?

YES S 42

L+]

SETTING MOTOR AT FIRST SP

L+
[
O

S43
FROM FPZ TO FP1

L]

INCREASING PRESSING FORC.

Séd

ON STANDBY FOR END OF CUTTING

RETURN

FIG.16



U.S. Patent Nov. 28, 2017 Sheet 16 of 16 US 9,827.687 B2

105

FIG.17 RELATED ART




US 9,827,687 B2

1

CUTTING APPARATUS AND CUTTING
CONTROL PROGRAM THEREFOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional of U.S. patent application
Ser. No. 13/421,950, filed on Mar. 16, 2012, which 1s based
upon and claims the benefit of prionity from the prior
Japanese Patent Application Nos. 2011-075577 and 2011-

075579 both filed on Mar. 30, 2011, the entire contents of
which are incorporated herein by reference.

BACKGROUND

1. Technical Field

The present disclosure relates to a cutting apparatus in
which a cutting blade and an object to be cut are moved
relative to each other so that the object 1s cut by the cutting,
blade and a storage medium which 1s computer-readable and
stores a control program on which the object 1s cut into a
desirable shape.

2. Related Art

There has conventionally been known a cutting plotter
which automatically cuts a sheet-like object to be cut, such
as paper or resin sheet. The cutting plotter includes a drive
mechanism having rollers which hold the object from the
vertical direction so that the object 1s moved 1n a first
direction. The drive mechanism also includes a carriage
having a cutting blade which 1s moved in a second direction
perpendicular to the first direction, whereby the object 1s cut.

FIG. 17 schematically illustrates an ordinary cutter (a
cutting blade) 100 and a cutter holder 101 both provided 1n
the conventional cutting plotter. As shown, the cutter 100 1s
fixed to a lower end of a bar-like cutter mount 102 by a
screw 103. The cutter mount 102 1s supported by a bearing
104 attached to a recess 101a formed 1n the lower end of the
cutter holder 101, whereby the cutter mount 102 1s rotatable
about an axis line O. Furthermore, the cutter 100 has a blade
edge 100aq which 1s oflset by a predetermined distance d
relative to the axis line O. Accordingly, when the cutter 100
and a sheet 105 are moved relative to each other so that the
sheet 105 1s cut by the cutter 100, the blade edge 100qa of the
cutter 100 1s subjected to a resistive force (reactive force)
from the sheet 105 such that the cutter mount 102 1s rotated
about the axis line O. More specifically, the direction of the
blade edge 100q of the cutter 100 1s automatically changed
according to a moving direction in which the cutter 100 and
the sheet 105 are moved relative to each other.

Additionally, one of the above-described type cutting
plotters 1s provided in which a sheet such as paper 1s pressed
from upward by a biasing plate thereby to be prevented from
floating. In this cutting plotter, the sheet around the cutter
can be pressed by the alorementioned biasing plate so as not
to float. However, when a part of desired shape has been cut
out of the sheet, a driving force of the drive mechanism 1s
not transierred to the cut-out portion of the sheet. Accord-
ingly, the sheet cannot be moved correctly.

In view of the above-described problem, an improved
cutting plotter 1s proposed in which a sheet such as paper 1s
allixed to a sheet-like member (corresponding to a holding
member) having an adhesive layer on a surface thereof. In
this case, the sheet can strongly be held when the adhesion
of the adhesive layer i1s increased. However, it becomes
difficult to remove the sheet from the sheet-like member
when the adhesion of the adhesive layer 1s increased. On the
other hand, when the adhesion of the adhesive layer is
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2

reduced, the sheet cannot strongly be supported although the
sheet can easily be removed from sheet-like member. In this
case, there 1s a possibility that the sheet would be displaced
relative to the sheet-like member such that the sheet could
not be cut accurately. More specifically, the conventional
cutting plotters having strong and weak adhesions have

respective defects, both of which defects have been desired
to be improved.

SUMMARY

Therefore, an object of the disclosure 1s to provide a
cutting apparatus 1n which the object can reliably be held by
the holding member and can accurately be cut and the object
can easily be removed from the holding member.

The present disclosure provides a cutting apparatus in
which a cutting blade and an object to be cut are moved
relative to each other based on cutting data, so that the object
1s cut by the cutting blade. The cutting apparatus includes a
holding member which 1s disposed at a position opposed to
the cutting blade and has an adhesive layer removably
holding the object; a pressing unit which presses the object
held by the holding member, the pressing unit having a
contact portion brought into contact with the object; a region
speciiying unit which specifies a region where an adhesive
retention of the adhesive layer 1s insuflicient along a cutting
line of the object cut by the cutting blade based on the
cutting data; and a control unit which controls the pressing
unit so that when the object 1s cut by moving the cutting
blade and the holding member holding the object relative to
cach other, at least either an amount of pressing or a pressing
force of the contact portion against the object 1s changed
between a case where the region specified by the region
speciiying unit 1s cut and a case where any part of the object
other than the specified region 1s cut.

The disclosure also provides a medium which 1s non-
transitory and computer-readable and stores a program that
1s 1ncorporated 1n a cutting apparatus including a holding
member which 1s disposed at a position opposed to a cutting
blade and has an adhesive layer removably holding an object
to be cut and a pressing unit which presses the object held
by the holding member and has a contact portion contacting
the object. The object 1s cut by the cutting blade by moving
the cutting blade and the holding member holding the object
relative to each other. The program causes a control device
of the cutting apparatus to execute instructions comprising
specilying a region where an adhesive retention of the
adhesive layer 1s isuflicient along a cutting line of the
object cut by the cutting blade based on the cutting data and
controlling the pressing unit so that when the object 1s cut by
moving the cutting blade and the holding member holding
the object relative to each other, at least either an amount of
pressing or a pressing force of the contact portion against the
object 1s changed between a case where the region specified
by the region specilying unit 1s cut and a case where any part
of the object other than the specified region is cut.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 1s a perspective view of the cutting apparatus
according to a first embodiment, showing an 1nner structure
thereof;

FIG. 2 1s a plan view of the cutting apparatus;

FIG. 3 1s a perspective view of a cutter holder;

FIG. 4 1s a front view of the cutter holder, showing the
state where a cutter has been descended;
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FIG. 5 1s a sectional view of the cutter holder, showing the
case where the cuter has been ascended:;

FIG. 6 1s a sectional view taken along lines VI-VI in FIG.
4;

FIG. 7 1s an enlarged front view of a gear;

FIG. 8 1s an enlarged view of the vicinity of a distal end
of the cutter during the cutting;

FIG. 9 1s a schematic graph explaining the relationship
between an adhesion of the holding member (an adhesive
layer) and a type of the object;

FIG. 10 1s a block diagram showing an electrical arrange-
ment of the cutting apparatus;

FIG. 11 1s a side view of a cutter holder and the neighbor
thereol during the cutting;

FIG. 12 1s a view similar to FIG. 11, showing a second
embodiment;

FIGS. 13A and 13B are a view of an example of cutting
line of the object and an enlarged view of a partial corner of
the cutting line 1n FIG. 13A, respectively;

FI1G. 14 1s a flowchart showing an entire processing flow
relating to depressing the object by a pressing unit;

FIG. 15 1s a flowchart showing a tlow of second speed
setting processing;

FIG. 16 1s a flowchart showing a flow of first speed setting,
processing; and

FI1G. 17 1s an enlarged sectional view of a distal end of the
cutter holder generally used with a conventional cutting
plotter.

DETAILED DESCRIPTION

First Embodiment

A first embodiment will be described with reference to
FIGS. 1 to 11. Referring to FIG. 1, a cutting apparatus 1
includes a body cover 2 as a housing, a platen 3 provided 1n
the body cover 2 and a cutter holder 5 also provided in the
body cover 2. The cutting apparatus 1 also includes first and
second moving units 7 and 8 for moving a cutter 4 (see FIG.
5) of the cutter holder $ and an object 6 to be cut, relative
to each other. The body cover 2 1s formed into the shape of
a horizontally long rectangular box and has a front formed
with a horizontally long opening 2a which 1s provided for
setting a holding sheet 10 holding the object 6. In the
following description, the side where the user who operates
the cutting apparatus 1 stands will be referred to as “front™
and the opposite side will be referred to as “back.” The
front-back direction thereotf will be referred to as “Y direc-
tion.” The right-leit direction perpendicular to the Y direc-
tion will be referred to as “X direction.”

On a night part of the body cover 2 1s provided a liquid
crystal display (LCD) 9 which serves as a display unit
displaying messages and the like necessary for the user. A
plurality of operation switches 65 (see FIG. 10) 1s also
provided on the right part of the body cover 2. The platen 3
includes a pair of front and rear plate members 3aq and 35 and
has an upper surface which 1s configured 1nto an X-Y plane
serving as a horizontal plane. The platen 3 1s set so that the
holding sheet 10 holding the object 6 1s placed thereon. The
holding sheet 10 1s received by the platen 3 when the object
6 1s cut. The holding sheet 10 has an upper surface with an
adhesive layer 10a (see FIG. 8) formed by applying an
adhesive agent to a part thereol except for right and left
edges 10b. The object 6 1s atlixed to the adhesive layer 10a
thereby to be held.

The first moving unit 7 moves the holding sheet 10 on the
upper surface side of the platen 3 in the Y direction (a first
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direction). More specifically, a driving roller 12 and a pinch
roller 13 are provided on right and left sidewalls 115 and 11a
so as to be located between plate members 3a and 3b. The
driving roller 12 and the pinch roller 13 extend in the X
direction and are rotatably supported on the sidewalls 115
and 11a. The driving roller 12 and the pinch roller 13 are
disposed so as to be parallel to the X-Y plane and so as to
be vertically arranged. The driving roller 12 1s located lower
than the pinch roller 13. A first crank-shaped mounting
frame 14 1s provided on the rnight sidewall 115 so as to be
located on the right of the driving roller 12 as shown 1n FIG.
2. A Y-axis motor 15 1s fixed to an outer surface of the
mounting frame 14. The Y-axis motor 15 comprises a
stepping motor, for example and has a rotating shaft 154
extending through the first mounting frame 14 and further
has a distal end provided with a gear 16a. The driving roller
12 has a right end to which 1s secured another gear 165
which 1s brought into mesh engagement with the gear 16aq.
These gears 16a and 165 constitute a first reduction gear
mechanism 16. The pinch roller 13 1s guided by guide
grooves 175 formed in the right and left sidewalls 115 and
11a so as to be movable upward and downward. Only the
right guide groove 176 1s shown in FIG. 1. Two spring
accommodating members 18aq and 185 are mounted on the
right and left sidewalls 115 and 11a in order to cover the
guide groove 175 from the outside respectively. The pinch
roller 13 1s biased downward by compression coil springs
(not shown) accommodated 1n the spring accommodating
portions 18a and 185 respectively. The pinch roller 13 1s
provided with pressing portions 13a which are brought into
contact with a left edge 106 and a right edge 10c¢ of the
holding sheet 10, thereby pressing the edges 106 and 10c,
respectively. Each pressing portion 13a has a slightly larger
outer diameter than the other portion of the pinch roller 13.

The driving roller 12 and the pinch roller 13 press the
holding sheet 10 from below and from above by the urging
force of the compression coil springs thereby to hold the
holding sheet 10 therebetween (see FIG. 11). Upon drive of
the Y-axi1s motor 15, normal or reverse rotation of the Y-axis
motor 15 1s transmitted via the first reduction gear mecha-
nism 16 to the driving roller 12, whereby the holding sheet
10 1s moved backward or forward together with the object 6.
The first moving umt 7 1s thus constituted by the driving
roller 12, the pinch roller 13, the Y-axis motor 135, the first
reduction gear mechanism 16, the compression coil springs
and the like.

The second moving unit 8 moves a carriage 19 supporting
the cutter holder 5 1n the X direction (a second direction).
The second moving unit 8 will be described in more detail.
A guide shaft 20 and a guide frame 21 both extending 1n the
right-left direction are provided between the right and left
sidewalls 115 and 11a so as to be located at the rear end of
the cutting apparatus 1, as shown i FIGS. 1 and 2. The
guide shaft 20 1s disposed 1n parallel with the driving roller
12 and the pinch roller 13. The guide shait 20 located right
above the platen 3 extends through a lower part of the
carriage 19 (a through hole 22 as will be described later).
The guide frame 21 has a front edge 21a and a rear edge 215
both folded downward such that the guide frame 21 has a
generally C-shaped section. The front edge 21a 1s disposed
in parallel with the guide shait 20. The guide frame 21 1s
adapted to guide an upper part (guided members 23 as will
be described later) of the carriage 19 by the front edge 21a.
The guide frame 21 1s fixed to upper ends of the sidewalls
11a and 115 by screws 21c¢ respectively.

A second mounting frame 24 1s mounted on the right
sidewall 1156 1n the rear of the cutting apparatus 1, and an
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auxiliary frame 25 1s mounted on the left sidewall 11q 1n the
rear of the cutting apparatus 1, as shown in FIG. 2. An
X-axis motor 26 and a second reduction gear mechanism 27
are provided on the second mounting frame 24. The X-axis
motor 26 comprises a stepping motor, for example and 1s
fixed to a front of a front mounting piece 24a. The X-axis
motor 26 includes a rotating shaft 26a which extends
through the mounting piece 24a and has a distal end pro-
vided with a gear 265 which 1s brought into mesh engage-
ment with the second reduction gear mechamism 27. A pulley
28 1s rotatably mounted on the second reduction gear
mechanism 27, and another pulley 29 1s rotatably mounted
on the left auxiliary frame 25 as viewed m FIG. 2. An
endless timing belt 31 connected to a rear end (a mounting
portion 30 as will be described later) of the carriage 19
extends between the pulleys 28 and 29.

Upon drive of the X-axis motor 26, normal or reverse
rotation of the X-axis motor 26 1s transmitted via the second
reduction gear mechanism 27 and the pulley 28 to the timing,
belt 31, whereby the carriage 19 1s moved leftward or
rightward together with the cutter holder 5. Thus, the car-
riage 19 and the cutter holder 5 are moved 1n the X direction
perpendicular to the Y direction 1 which the object 6 1s
conveyed. The second moving unit 8 1s constituted by the
above-described guide shaft 20, the guide frame 21, the
X-axis motor 26, the second reduction gear mechanism 27,
the pulleys 28 and 29, the timing belt 31, the carriage 19 and
the like.

The cutter holder 5 1s disposed on the front of the carnage
19 and 1s supported so as to be movable 1 a vertical
direction (a third direction) serving as a 7 direction. The
carriage 19 and the cutter holder 5 will be described with
retference to FIGS. 3 to 7 as well as FIGS. 1 and 2. The
carrtage 19 1s formed into the shape of a substantially
rectangular box with an open rear as shown 1 FIGS. 2 and
3. The carriage 19 has an upper wall 19a with which a pair
of upwardly protruding front and rear guided members 23
are integrally formed. The guided members 23 are arc-
shaped ribs as viewed 1n a planar view. The guided members
23 are symmetrically disposed with a front edge 21q of the
guide frame 21 being interposed therebetween. The carriage
19 has a bottom wall 196 further having a downwardly
expanding portion which 1s formed with a pair of right and
left through holes 22 through which the guide shait 20 is
inserted, as shown in FIGS. 4, 5 and 6. An attaching portion
30 (see FIGS. 5 and 6) 1s mounted on the bottom wall 1956
of the carriage 19 so as to protrude rearward. The attaching
portion 30 1s to be coupled with the timing belt 31. The
carriage 19 1s thus supported by the guide shaft 20 inserted
through the holes 22 so as to be slidable 1n the right-left
direction and further supported by the guide frame 21 held
between the guided members 23 so as to be prevented from
being rotated about the guide shait 20.

The carnage 19 has a front wall 19¢ with which a pair of
upper and lower support portions 32a and 325 are formed so
as to extend forward as shown 1n FIGS. 3 to 5, 11, etc. A pair
of right and left support shaits 335 and 33a¢ extending
through the respective support portions 32a and 326 are
mounted on the carriage 19 so as to be vertically movable.
A Z-axis motor 34 comprising, for example, a stepping
motor 1s accommodated 1n the carriage 19 backward thereby
to be housed therein. The Z-axis motor 34 has a rotating
shaft 34a (see FIGS. 3 and 11) which extends through the
tront wall 19¢ of the carriage 19. The rotating shait 34a has
a distal end provided with a gear 35. Furthermore, the
carriage 19 1s provided with a gear shaft 37 which extends
through a slightly lower part of the gear 35 relative to the
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central part of the front wall 19¢ as shown m FIGS. S, 6 and
11. A gear 38 1s rotatably mounted on the gear shaft 37 and
adapted to be brought into mesh engagement with the gear
35 1n front of the front wall 19¢ 1s rotatably mounted on the
gear shatt 37. The gear 38 1s retained by a retaining ring (not
shown) mounted on a front end of the gear shaft 37. The
gears 35 and 38 constitute a third reduction mechanism 41
(see FIGS. 3 and 11).

The gear 38 1s formed with a spiral groove 42 as shown
in FIG. 7. The spiral groove 42 1s a cam groove formed into
a spiral shape such that the spiral groove 42 comes closer to
the center of the gear 38 as it 1s turned rightward from a first
end 42a toward a second end 425. An engagement pin 43
which 1s vertically moved together with the cutter holder 5
engages the spiral groove 42 (see FIGS. 5 and 6) as will be
described 1n detail later. Upon normal or reverse rotation of
the Z-axis motor 34, the gear 38 1s rotated via the gear 35.
Rotation of the gear 38 vertically slides the engagement pin
43 1 engagement with the spiral groove 42. With the
vertical slide of the gear 38, the cutter holder 5 1s moved
upward or downward together with the support shafts 33a
and 335. In this case, the cutter holder 5 1s moved between
a raised position (see FIGS. 5§ and 7) where the engagement
pin 43 1s located at the first end 42a of the spiral groove 42
and a lowered position (see FIGS. 6 and 7) where the
engagement pin 43 1s located at the second end 425b. A third
moving unit 44 which moves the cutter holder 5 upward and
downward 1s constituted by the above-described third reduc-
tion mechanism 41 having the spiral groove 42, the Z-axis
motor 34, the engagement pin 43, the support portions 32a
and 32b, the support shaits 33a and 335, efc.

The cutter holder 5 includes a holder body 45 provided on
the support shafts 33aq¢ and 335, a movable cylindrical
portion 46 which has a cutter 4 (a cutting blade) and 1s held
by the holder body 45 so as to be vertically movable and a
pressing device 47 which presses the object 6. More spe-
cifically, the holder body 45 has an upper end 43q and a
lower end 436 both of which are folded rearward such that
the holder body 45 1s generally formed into a C-shape, as
shown 1n FIGS. 3 to 5, 11 and the like. The upper and lower
ends 45q and 456 are immovably fixed to the support shatts
33a and 3356 by retaining rings 48 fixed to upper and lower
ends of the support shaits 33a and 335, respectively. The
support shait 335 has a middle part to which 1s secured a
coupling member 49 provided with a rearwardly directed
engagement pin 43 as shown 1 FIGS. 5 and 6. The holder
body 45, support shaits 33a and 335, the engagement pin 43
and the coupling member 40 are formed 1ntegrally with one
another as shown i FIGS. 5 and 6. The cutter holder 5 1s
vertically moved by the third moving unit 44 in conjunction
with the engagement pin 43. Furthermore, compression coil
springs 50 serving as biasing members are mounted about
the support shafts 33aq and 335 so as to be located between
upper surfaces of the support portion and upper end of the
holder boy 43, respectively. The entire cutter holder 5 1s
clastically biased upward by a biasing force of the compres-
sion coil springs 50 relative to the carnage 19.

Mounting members 31 and 52 provided for mounting the
movable cylindrical portion 46, the pressing device 47 and
the like are fixed to the middle portion of the holder body 45
by screws 54a and 54b respectively, as shown in FIGS. 3 and
4. The lower mounting member 352 1s provided with a
cylindrical portion 52a (see FIG. 5) which supports the
movable cylindrical portion 46 so that the movable cylin-
drical portion 46 1s vertically movable. The movable cylin-
drical portion 46 has a diameter that 1s set so that the
movable cylindrical portion 46 1s brought into a sliding
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contact with the mner peripheral surface of the cylindrical
portion 52a. The movable cylindrical portion 46 has an
upper end on which a tflange 46a supported on an upper end
of the cylindrical portion 52a 1s formed so as to expand
radially outward. A spring shoe 465 1s provided on an upper
end of the flange 46a. A compression coil spring 33 is
interposed between the upper mounting member 51 and the
spring shoe 466 of the movable cylindrical portion 46 as
shown 1n FIGS. 5 and 6. The compression coil spring 53
biases the movable cylindrical portion 46 (the cutter 4) to the
lower object 6 side while allowing the upward movement of
the movable cylindrical portion 46 against the biasing force
when an upward force acts on the cutter 4.

The cutter 4 1s provided in the movable cylindrical portion
46 so as to extend therethrough in the axial direction. In
more detail, the cutter 4 has a round bar-like cutter shaft 46
which 1s longer than the movable cylindrical portion 46 and
a blade 4a integrally formed on a lower end of the cutter
shaft 4b. The blade 4a 1s formed 1nto a substantially trian-
gular shape and has a lowermost blade edge 4¢ formed at a
location oflset by a distance d from a central axis O of the
cutter shatt 45, as shown 1n FIG. 8. The cutter 4 1s held by
bearings 55 (see FIG. 5) mounted on upper and lower ends
of the movable cylindrical portion 46 so as to be rotatably
movable about the central axis O (the Z axis) 1n the vertical
direction. Thus, the blade edge 4¢ of the cutter 4 presses an
X-Y plane or the surface of the object 6 from the Z direction
perpendicular to the X-Y plane. Furthermore, the cutter 4
has a height that 1s set so that when the cutter holder 5 has
been moved to a lowered position, the blade edge 4¢ passes
through the object 6 on the holding sheet 10 but does not
reach the upper surface of the plate member 35 of the platen
3, as shown 1n FIG. 8. On the other hand, the blade edge 4¢
of the cutter 4 1s moved upward with movement of the cutter
holder 5 to the raised position, thereby being departed from

the object 6 (see FIG. §).

Three guide holes 325, 52¢ and 52d (see FIGS. 3 to 5 and
11) are formed at regular intervals 1in a circumierential edge
of the lower end of the cylindrical portion 52a. A pressing
member 56 1s disposed under the cylindrical portion 52a and
has three guide bars 56b, 56¢ and 564 which are to be
inserted nto the guide holes 5256 to 52d respectively. The
pressing member 56 includes a lower part serving as a
shallow bowl-shaped pressing portion body 56a. The atore-
mentioned equally-spaced guide bars 565 to 564 are formed
integrally on the circumierential end of the top of the
pressing portion body 56a. The guide bars 5656 to 56d are
guided by the respective guide holes 5256 to 524, so that the
pressing member 56 1s vertically movable. The pressing
portion body 56a has a central part formed with a through
hole 56¢ which vertically extends to cause the blade 4a to
pass therethrough. The pressing portion body 56a has an
underside serving as a contact portion 36 which 1s brought
into contact with the object 6 while the blade 4a 1s located
in the hole 56e. The contact portion 56f 1s formed 1nto an
annular horizontal flat surface and 1s brought into surface
contact with the object 6. The contact portion 56/ 1s made of
a fluorine resin such as

Ietlon® so as to have a lower
coellicient of friction, whereupon the contact portion 36/ 1s
rendered slippery relative to the object 6.

The pressing portion body 56a has a guide 56g which 1s
formed integrally on the circumierential edge thereof so as
to extend forward, as shown in FIGS. 3 to 5 and 11. The
guide 56g 1s located 1n front of and above the contact portion
56/ and includes an inclined surface 56ga inclined rear-
wardly downward to the contact portion 56/ side. Conse-
quently, when the holding sheet 10 holding the object 6 1s
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moved rearward relative to the cutter holder 5, the object 6
1s guided downward by the guide S6¢ so as not to be caught
by the contact portion 56f.

The mounting member 52 has a front mounting portion
52¢ for the solenoid 57, integrally formed therewith. The
front mounting portion 52¢ 1s located 1n front of the cylin-
drical portion 52a and above the guide 56¢. The solenoid 57
serves as an actuator for vertically moving the pressing
member 56 thereby to press the object 6 and constitutes a
pressing device 47 (a pressing unit) together with the
pressing member 56 and a control circuit 61 which will be
described later. The solenoid 57 1s mounted on the front
mounting portion 52e so as to be directed downward. The
solenoid 57 includes a plunger 574 having a distal end fixed
to the upper surface of the guide 56g. When the solenoid 57
1s driven with the cutter holder 5 occupying the lowered
position, the pressing member 56 1s moved downward
together with the plunger 57a thereby to press the object 6
with a predetermined pressure (see FIG. 11). On the other
hand, when the plunger 57a i1s located above during non-
drive of the solenoid 57, the pressing member releases the
object 6 from application of the pressing force. When the
cutter holder § 1s moved to the raised position during
non-drive of the solenoid 57 (see two-dot chain line 1n FIG.
5), the pressing member 356 1s completely departed from the
object 6.

The holding sheet 10 has an adhesive layer 10a (see FIG.
8) which holds the object 6. The object 6 1s immovably held
on the holding sheet 10 by a resultant force of adhesion of
the adhesive layer 10a and a pressing force of the pressing
device 47. The configurations of the holding sheet 10 and the
pressing device 47 will now be described with additional
reference to FIGS. 8 and 9. The holding sheet 10 1s made of,
for example, a synthetic resin and formed nto a flat rect-
angular plate shape, as shown in FIG. 1. The holding sheet
10 1s placed opposite the cutter 4 and has a side (a side
opposite the cutter 4) on which an adhesive layer 10a (see
FIG. 8) 1s formed by applying an adhesive agent to the
holding sheet 10. The sheet-like object 6 such as paper,
cloth, resin film or the like 1s removably held by the adhesive
layer 10a. The adhesive layer 10a has an adhesion that 1s set
to a small value such that the object 6 can easily be removed
from the adhesive layer 10a without breakage of the object
6.

When reference symbol F,., designates a holding force
necessary to hold the object 6 so that the object 6 1s
immovable relative to the holding sheet 10, the adhesive
layer 10qa 1s set at an adhesion F. that 1s smaller than F,,.
More specifically, the adhesion F. 1s weaker than 1n the
conventional structure 1n which the object 1s held only by the
adhesion of the adhesive layer. The pressing force F, of the
pressing device 47 by actuation of the solenoid 47 1s set so
that a resultant force of the pressing force F, and the
adhesion F. of the adhesive layer 10a meets the necessary
holding force F . The necessary holding force F ,,1n this case
1s shown by the following equation (1):

(1)

In the cutting apparatus 1, the resultant force of the
pressing force F, and the adhesion F. 1s thus set to be not
less than the necessary holding force F,, so that the object 6
1s prevented from being displaced from the holding sheet 10
when the object 6 i1s cut by the cutter 4.

FIG. 9 shows the relationship between the adhesion F. of
the adhesive layer 10aq and the objects 6 A and 6B. In the case
where the adhesion F. of the adhesive layer 10a exceeds
FA ., the object 6A 1s broken when removed from the

Fasl A+ p
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adhesive layer 10a, and the object 6 A cannot be held when
the adhesion F. 1s less than FA,. Accordingly, the adhesion
F. can be ranged from FA,, to FA,. On the other hand, the
object 6B cannot be held by the holding member 10 when
the adhesion F. 1s not equal to or not larger than FB,,, and
in the case where the object 6B 1s broken when the adhesion
F. 1s larger than FB,. Accordingly, the object 1s displaced
from the holding sheet during the cutting 1n the conventional
construction no matter how carefully the adhesion 1is
adjusted, or the object 6B 1s broken when removed from the
holding sheet. The conventional construction thus has the
above-described problems.

In the embodiment, however, the pressing force F . of the
pressing device 47 1s set at the value corresponding to the
difference (FB,,~FB;) regarding the object 6B. In this case,
even when F. 1s equal to FB,, the object 6B can be held on
the holding sheet 10 during cutting, and the object 6B can be
prevented from breakage when removed from the holding
sheet 10. Thus, the pressing force F, and the adhesion F . of
the adhesive layer 10 are set according to the type, property
ol the object 6 or the like so that the object 6B on the holding
sheet 10 can reliably be prevented from displacement during
cutting and the object 6B can be prevented from breakage
when removed from the holding sheet 10. The resultant
torce of the foregoing pressing force F - and the adhesion F .
designates a single force which has an equal eflect to these
plural forces F, and the adhesion F..

The arrangement of the control system of the cutting
apparatus 1 will now be described with reference to a block
diagram of FIG. 10. A control circuit (a control unit) 61
controlling the entire cutting apparatus 1 mainly comprises
a computer (CPU) as shown 1n FIG. 10. AROM 62, a RAM
63 and an external memory 64 each serving as a storage unit
are connected to the control circuit 61. The ROM 62 stores
a cutting control program for controlling the cutting opera-
tion, the threshold of a cutting angle and various control data
and the like. The external memory 64 stores data of a
plurality of cutting data and the like. The RAM 63 1s
provided with storage areas for temporarily storing various
data and program necessary for execution of each process-
ng.

Operation signals are supplied from the various operation
switches 65 to the control circuit 61. The control circuit 61
controls a displaying operation of the LCD 9. In this case,
while viewing the displayed contents of the LCD 9, the user
operates the switches 65 to select and designate cutting data
ol a desired pattern. Detection signals are also supplied from
various sensors 66 such as a sensor for detecting the holding
sheet 10 set from the opening 2a of the cutting apparatus 1.
To the control circuit 61 are connected drive circuits 67 to
70 driving the Y-axis, X-axis and Z-axis motors 15, 26 and
34 and the solenoid 357. Upon execution of the cutting
control program, the control circuit 61 controls various
actuators such as the Y-axis, X-axis and Z-axis motors 15, 26
and 34 and the solenoid 57, based on the cutting data,
whereby the cutting operation 1s automatically executed for
the object 6 on the holding sheet 10.

The control circuit 61 1s configured as a control unit which
controls the current supplied to the solenoid 57 to set the
pressing force of the pressing device 47 at the aforesaid F .
More specifically, the control circuit 61 controls the solenoid
57 to protrude the plunger 57a downward so that the
pressing force FP 1s generated at the contact portion 56f of
the pressing member 56 against the object 6. The pressing,
device 47 thus presses the object 6 against the contact
surface of the object 6 in the Z direction perpendicular to the
contact surface of the object 6, with which the contact
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portion 56f 1s brought into contact. The control to set the
pressing force FP 1s adapted to be executed as a pressing
force setting routine when the object 6 1s cut by the cutter 4.

The operation of the cutting device 1 will be described.
The cutter holder 5 occupies a raised position before the
object 6 1s cut, as shown in FIG. 5. In this state, the user
allixes the object 6 to the adhesive layer 10a such that the
object 6 15 held by the holding sheet 10. The user then sets
the holding sheet 10 to the cutting apparatus 1 from the
opening 2a and operates the operation switches 65 to select,
for example, a desired one of the cutting data stored 1n the
external memory 64 so that a cutting operation 1s executed.
Upon start of the cutting operation, the holding sheet 10 1s
firstly held between the driving roller 12 and the pinch roller
13 to be conveyed 1n the Y direction 1n order that the object
6 may be moved to a cut starting point. In this case, the
object 6 1s prevented from being caught by the contact
portion 56/ of the pressing member 56 even when the
solenoid 57 1s driven before the object 6 reaches the cut
starting position. More specifically, the pressing member 56
1s formed with a guide 56g having an inclined surface
inclined toward and continuous to the contact portion 36f.
Accordingly, the guide 56¢g prevents the object 6 from being
caught by the contact portion 36/ even when the set holding
sheet 10 1s moved rearward while the pressing member 56
occupies a position shown by solid line 1 FIG. §.

When the object 6 has reached the cut starting point, the
7-ax1s motor 34 1s driven to move the cutter holder 3 to the
lowered position (see FIG. 11). The holding sheet 10 and the
cutter 4 of the cutter holder 5 are moved relative to each
other by the first and second moving units 7 and 8 on the
basis of the cutting data respectively, whereby the object 6
1s cut. The contact portion 56/ applies the pressing force F,
to the object 6 as the result of drive of the solenoid 57 during
the cutting operation. Accordingly, the object 6 1s held by
both the adhesion F ¢ of the adhesive layer 10a of the holding
sheet 10 and the pressing force F, so as not to be displaced
relative to the holding sheet 10. Furthermore, the pressing
member 56 1s moved relative to the object 6 during the
cutting. However, since the contact portion 56/ of the
pressing member 56 1s made of a material having a lower
frictional coeflicient than the object 6, a frictional force
produced between the contact portion 56/ and the object 6
can be reduced as much as possible. Consequently, the
object 6 can be prevented from displacement due to the
frictional force, whereupon the object can be held more
reliably.

When the cutting of the object 6 has been finished, the
user removes the object 6 from the holding sheet 10. In this
case, since the adhesive layer 10a of the holding sheet 10 has
the adhesion set at the value F, the object 6 can easily be
removed from the holding sheet 10.

As described above, the pressing force F, 1s set at the
value such that the resultant force ot the adhesion F of the
adhesive layer 10a and the pressing force F, of the pressing
device 47 meets the holding force F,, necessary to immov-
ably hold the object 6 relative to the holding sheet 10 when
the object 6 1s cut by the cutter 4.

Consequently, the object 6 can immovably be held on the
holding sheet 10 by the resultant force of the adhesion F . of
the adhesive layer 10a and the pressing force F, of the
pressing device 47. Accordingly, the object 6, when cut, can
reliably be prevented from displacement on the holding
sheet 10, whereupon the object 6 can accurately be cut 1nto
a desired shape. Since the necessary holding force required
of the holding sheet 10 can be compensated for by the
pressing force FP of the pressing device 47, the adhesion F.
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of the adhesive layer 10a can be set to be weaker than 1n the
conventional construction 1n which the object 1s held on the

holding member only by the adhesion. Thus, the object 6 can
casily be removed from the holding sheet 10 (the adhesive
layer) without breaking the holding sheet after, for example,
a sheet such as paper, serving as the object 6 has been cut.

The pressing device 47 includes the contact portion 56/
which 1s brought 1into contact with the Ob] ect 6 and made of
the material with the lower frictional coeflicient. The contact
portion 56f can reduce the Irictional force between the
pressing member 56 and the object 6. Accordingly, the
relative movement of the object 6 can smoothly be carried
out while the object 6 1s being pressed by the contact portion
561 of the pressing device 47.

The pressing device 47 1s configured to press the object 6
in the direction perpendicular to the contact surface of the
object 6 brought into contact with the contact portion 56f.
Consequently, since the contact portion 56/ can efliciently
press the object 6, the object 6 can reliably be held.

The pressing device 47 includes the guide 56g which
guides the object 6 to prevent the object 6 held by the
holding sheet 10 from being caught by the contact portion
567. The object 6 can be held so as not to displace on the
holding sheet 10. Consequently, the object 6 can be cut more
accurately.

Second Embodiment

FIG. 12 1llustrates a second embodiment. Only the dif-
terence between the first and second embodiments will be
described. Identical or similar parts 1n the second embodi-
ment are designated by the same reference symbols as those
in the first embodiment. The cutter holder §' 1n the second
embodiment differs from the cutter holder 5 of the first
embodiment in the following. The solenoid 57, the mount
52¢ and the like are eliminated in the cutter holder 5' and a
compression coil spring 53 1s disposed between the pressing
member 56' and the movable cylinder 46. The pressing
member 356' 1s held at a predetermined vertical position
relative to the holder body 45. When the cutter holder 3§
occupies the lowered position as shown in FIG. 12, the
contact portion 56f of the pressing member 56 presses the
object 6 with the aforementioned pressing force F,. Thus,
the pressing device 47' 1s constituted by the pressing mem-
ber 56', the third moving unit 44, the control circuit 61, the
compression coil spring 44 and the like. Consequently, the
control to set the pressing force FP 1s executed by vertically
moving the cutter holder 5 by the third moving unit 44.

Furthermore, the pressing member 56' has the guide 56
formed integrally therewith. The guide 356g' extends
obliquely upward 1n front of the contact portion 356f. The
guide 56g' 1s formed into an arc shape and 1s continuous to
the contact portion 56f so as to be inclined toward the
contact portion 56/. As a result, as shown 1n FIG. 12, even
if a part of the object 6 1s turned upward from the holding
sheet 10, the object 6 1s guided by the guide 56¢' so as not
to be caught by the contact portion 56/ in the same manner
as the guide portion 56g.

In the second embodiment, the solenoid 57 and the like
are eliminated and the pressing member 56' 1s held via the
compression coil spring 53 at the predetermined position on
the holder body 45, as described above. Thus, the pressing
torce F , applied to the object 6 can be obtained by the simple
construction. Furthermore, the pressing force F, 1s suitably
adjustable by changing the spring constant of the compres-
sion coil spring 33. Furthermore, the guide portion 36g can
prevent the object 6 from being caught by the contact portion
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567 or the vicimity thereotf. The second embodiment can thus
achieve substantially the same effect as the first embodi-

ment.

Meanwhile, since the conventional cutting apparatus 1s
not provided with a pressing unit applying the pressing force
F, to the object, there 1s a possibility that the object may
displace from the sheet-like member during the cutting even
when the sheet-like member has an adhesive layer. In
particular, the cutter 100 as shown i FIG. 17 1s rotatable
about the axis O and accordingly, there 1s a possibility that
corners of a cutting line of the sheet 105 as the object to be
cut cannot be accurately cut. For example, when a cutting
line 1s composed of first and second line segments which are
formed 1nto a V shape, the blade edge of the cutter 100 1s
directed to the direction of the first line segment at a cutting
end point of the first line segment. Thereafter, the blade edge
of the cutter 100 1s changed to the direction of the second
line segment when the cutting of the second line segment
starts. As a result, even when the atoresaid sheet-like mem-
ber 1s used, the corner where the direction of the blade edge
of the cutter 100 1s changed may cause burr during the
cutting. This problem 1s more noticeable when an angle
made between the first and second segments 1s acute or when
the sheet 103 has a large thickness. Thus, 1t has been difficult
to sufliciently hold the object so that the corners can be
prevented from being burred 1n spite of the adhesion of the
sheet-like member.

In view of the above-described problem, the cutting
apparatus of the following third embodiment specifies a
region, such as the aforesaid corners, which 1s located along
a cutting line of the object 6 and 1n which the adhesive
holding force 1s relatively insuflicient. The pressing force F,
1s changed between the case where the specified region 1s cut
and the case where apart other than the specified region 1s
cut, so that burr 1s reliably prevented from occurring at the
corners. In the following description, a case where the

pattern of a star 1s cut from the object 6 held by the holding
sheet 10 as shown 1n FIG. 13A.

Third Embodiment

FIGS. 13 A to 16 illustrate the third embodiment. Only the

differences between the first and third embodiments will be
described. The 1dentical or similar parts 1n the third embodi-
ment are labeled by the same reference symbols as those in
the first embodiment.

Firstly, the cutting data includes line segment data corre-
sponding to n number of line segments L, to L, composing
the cutting line L. For example, when the pattern of a star 1s
cut out of the object as shown in FIG. 13 A, the cutting data
has data of ten line segments comprising ten line segments
L, to L, composing the cutting line L. More specifically, the
line segments L, to L, have start points L, . to L, ;- and end
points L, . to L, respectively. The line segments L., to L, ,
are continuous and constitute a closed single cutting line.
Accordingly, start points of the line segments correspond
with end points of the neighboring line segments respec-
tively. The start and end points of the line segments L, to L,
of the line segment data are shown by X-Y coordinates
respectively. The X-Y coordinates have as an origin an apex
located at the rear side 1n the Y-axis direction as a sheet
feeding direction and at the start point side in the direction
of the X-axis as a moving direction of the cutter 4.

The RAM 63 stores the cutting data including the above-
mentioned data of n number of line segments read from the
external memory 64. Consequently, when the object 6 1s cut
by the cutting apparatus 1, the line segments L, to L, , are cut
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based on the cutting data stored in the RAM 63. In this case,
in the cutting of the object 6 by the cutting apparatus 1, the
holding sheet 10 (the object 6) 1s conveyed 1n the Y direction
by the first moving unit 7 of the cutting apparatus 1 and the
cutter holder 5 1s moved 1n the X direction by the second
moving unit 8, based on the cutting data, whereby the cutter
4 1s moved to the X-Y coordinate of the start point L, . of the
line segment L, relative to the holding sheet 10 with the
object 6. Subsequently, the blade edge 4¢ of the cutter 4 1s
caused to pass through the start point L, < of the object 6 by
the third moving unit 44. The holding sheet 10 with the
object 6 and the cuter holder 5 with the cutter 4 are then
moved by the first and second moving units 7 and 8 relative
to each other respectively thereby to be moved toward the
coordinate of the end point L, of the line segment L,,
whereby the object 6 1s cut along the line segment L,. The
subsequent line segment L, 1s continuously cut 1n the same
manner as the line segment L, with the previous line
segment L, serving as the start point L, .. The cutting 1s also
executed continuously in the cutting sequence of the line
segment data with respect to each of the line segments L, to
L, 4, whereupon the cutting line L of the star pattern is cut.

The threshold of the cutting angle stored 1n the ROM 62
1s 1indicative of an angle 0 made between neighboring line
segments L, and L, as shown 1n FIG. 13B. The threshold T
ol the cutting angle 1s set at a predetermined value (130°, for
example) and compared with the angle 0 made between an
(1-1)-th line segment L, , to be cut and an 1-th line segment
L. to be cut. When the angle 0 1s not more than the threshold
T, the control circuit 61 specifies a region around apex P as
a region Al where an adhesive retention of the adhesive
layer 10a 1s msuthlicient along the cutting line L. The control
circuit 61 thus constitutes a region specitying unit. The
region Al 1s specified on the basis of the threshold T. For
example, the region Al includes a part that 1s easily turned
upward during cutting, such as an acute-angled corner made
between the line segments L, and L, as shown 1n FIG. 13B,
or a part including a corner that 1s easily drooped. The easily
drooped corner refers to a slightly rounded distal end of a
corner. In this case, for example, reference symbol “Al”
designates a region 1n the range of a predetermined distance
from the apex P of the comer and reference symbol “A2”
designates a region other than the region Al. Accordingly,
the region A2 includes a part other than the region Al and
an obtuse-angled portion where the cutting angle exceeds
the predetermined value.

The blade edge 4¢ of the cutter 4 1s offset from the central
axis O of the cutter 4 by the distance d as described above
(see FIG. 8), so that the blade edge 4¢ 1s subjected to a
resistive force (hereinafter referred to as “cutting resistive
force”) from the object 6 with relative movement of the
cutter 4 and the object 6. Accordingly, the cutter 4 1s turned
about the central axis O or 1n other words, with the relative
movement of the cutter 4 and the object 6, the cutter 4
automatically changes its direction along the direction of the
relative movement.

More specifically, cutting 1s firstly carried out along the
line segment L, 1n the direction of arrow when the comer of
the region Al 1n the cutting line L of the star 1s cut, as shown
in FIG. 13B. In this case, when the cutting blade 4a of the
cutter 4 has reached the apex P (end point L, ), the central
axis O occupies a position located away by distance d from
the apex P on an extended line from the line segment L,.
Since the blade edge 4¢ 1s subsequently changed to the
direction along the line segment L., the cutter 4 1s moved so
that the central axis O 1s along the broken line (arc).
Thereatter, the line segment L, 1s cut. In this case, the blade
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edge 4c passes through the object 6, biting slightly into the
holding sheet 10, as shown 1n FIG. 8. Accordingly, a part
corresponding to the apex P 1s slightly burred by the blade
edge 4c¢. Furthermore, the part has a region which 1s 1n
contact with the adhesive layer 10aq and gradually becomes
smaller and the adhesion retention of the adhesive layer 10a
become weaker as 1t comes close to the distal end thereof.
As a result, the corner of the region Al 1s turned upward or
burred. This problem 1s noticeable when the cutting angle 0
1s acute and/or the sheet 1s thick.

In view of the problem, the control circuit 61 in the
embodiment 1s configured to control the current supplied to
the solenoid 57 so that the pressing force of the pressing
device 47 pressing the object 6 1s changed or diflerentiated
between a case where the region Al 1s cut and a case where
the region A2 other than the region Al 1s cut. More specifi-
cally, 1n the case where the region Al 1s cut, a resultant force
of the adhesion F. of the adhesive layer 10a of the holding
sheet 10 and the pressing force F,, 15 set to meet a holding
force F,;,, necessary to hold the object 6 so that the corner of
the region Al 1s not turned over (or the corner 1s burred). The
necessary holding force F,;, in this case 1s shown by the
tollowing expression (2):

Iy sl e+l py (2)

Furthermore, in the case where the region A2 1s cut, a
resultant force of the adhesion F. of the adhesive layer 10a
of the holding sheet 10 and the pressing force F,, of the
pressing device 47 1s set to meet a holding force F.,
necessary to hold the object 6 so that the object 6 1s
immovably held by the holding sheet 10 against the cutting
resistance 1n the region A2. The necessary holding force F .,
in this case 1s shown by the following expression (3):

FanslF +Fpy

(3)

In this case, since the pressing force F,, 1n the region Al
1s set so as to be stronger or larger than the pressing force F 5,
in the region A2 (F,,>F,,), the corner can accurately be cut
in the region Al without causing the above-described prob-
lem. On the other hand, since the pressing force F ., 1n the
region A2 1s weaker than the pressing force F,,, the load
resulting from the relative movement of the cutter 4 and the
object 6 can be reduced.

The control circuit 61 1s configured as a control umit which
controls the current supplied to the solenoid 57 to set the
pressing force ol the pressing device 47 at the aforemen-
tioned F,, or F,,. More specifically, the control circuit 61
controls the solenoid 57 to be thrust downward so that the
contact portion 56/ of the pressing member 56 presses the
object 6 with the pressing force F,, or F,,. The contact
portion 56/ of the pressing device 47 thus presses the object
6 in the Z direction perpendicular to the contact surface of
the object 6.

The control circuit 61 1s also configured as a speed control
umt which controls the rotational speeds of the Y-axis and
X-axis motors 15 and 26 1n association with the pressing
forces F,, and F ., of the pressing device 47. More specifi-
cally, when the region Al 1s to be cut, the control circuit 61
controls the motors 15 and 26 so that the relative moving
speeds of the cutter 4 and the object 6 are the respective
lower or first speeds. When the region A2 1s to be cut, the
control circuit 61 drives the motors 15 and 26 so that the
relative moving speeds of the cutter 4 and the object 6 are
the respective second speeds that are higher than the first
speeds.

A concrete processing procedure of the cutting operation
of the cutting apparatus 1 will now be described with
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reference to FIGS. 14 to 16, which are flowcharts showing
processing flows of the cutting control program executed by
the control circuit 61 respectively. In the figures, a symbol
S1 (where 1=11, 12, 13 and . . . ) designates each step. The
shape to be cut 1s the aforesaid “star” and ordinary paper 1s
used as the object 6.

When the object 6 1s to be cut by the cutting apparatus 1,
the user sets the holding sheet 10 holding the object 6, from
the opening 2a of the cutting apparatus 1 1n the same manner
as 1n the first embodiment. When the user has selected
desired cutting data stored in the external memory, for
example, the selected cutting data 1s stored in a memory of
the RAM 63. Upon operation of the operation switches 65,
the control circuit 61 starts the cutting operation based on the
operation signal (step S11).

In the cutting operation, firstly, the moving speed of the
cutter 4 relative to the object 6 1s set at an mitial set speed
(the second speed (higher speed), for example) (step S12).
Subsequently,, the Y-axis and X-axis motors 15 and 26 are
driven so that the blade edge 4¢ of the cutter 4 1s moved to
the cutting start point L, of the object 6 (see FIG. 13B). In
this case, the cutter 4 1s moved at a higher speed in the X-Y
direction relative to the object 6 while being vertically
located away from the object 6. When the cutter 4 has been
moved to the cutting start point L, ., the control circuit 61
drives the solenoid 37 so that the pressing member 56
presses the object 6 with a relatively weaker pressing force
F,, (step S14). The control circuit 61 turther drives the
Z-ax1s motor 34 so that the cutter holder 5 1s moved to the
lowered position, whereby the blade edge 4¢ of the cutter 4
1s caused to pass through the cutting start point L, (step
S15).

The motors 15 and 26 are driven to move the holding
sheet 10 and the cutter 4 respectively so that the cutter 4 1s
moved to the coordinate (see FIG. 13B) of end point L, . of
the line segment L, whereby the cutting of the line segment
L, 1s started (S16). In this case, a second speed setting
processing for the Y-axis and X-axis motors 15 and 26 1s
executed at step S17 (see FIG. 135). In the second speed
setting processing, when the relative speed of the cutter 4 1s
set at the first speed (lower speed) (YES at step S31), the
relative speed of the cutter 4 1s changed to the second speed
(higher speed). Since the relative speed of the cutter 4 has
been set at the second speed (higher speed) by the initial
setting (NO at step S31), the change to the second speed will
be described later (the control circuit 61 returns to step S18
in FIG. 14).

The control circuit 61 computes the angle 0 made by the
line segment L., including the cutting start point L, . and the
line segment L, to be subsequently cut, based on the line
segment data of L,. When the angle 0 exceeds the threshold
T (NO at step SIS) the cutter 4 1s moved to the endpoint L,
while the second speed 1s maintained (step S19). On the
other hand, when the angle 0 1s not more than the threshold
T, that 1s, when an acute comer such as apex P in FIG. 13B
1s to be cut (YES at step S18), a first speed setting processing
1s executed at step S20 (see FIG. 16).

In the first speed setting processing, 1t 1s determined
whether or not a remaining length of the currently cut line
segment L, 1s shorter than the distance a at step S41. In this
case, the control circuit 61 1s on standby for the remaining
length being reduced below the distance a (when the cutter
4 reaches the region Al), the relative moving speed of the
cutter 4 1s changed from the second speed (higher speed) to
the first speed (lower speed), whereupon the cut 4 1s set at
the lower speed (step S42). Simultaneously, the control
circuit 61 controls a drive current of the solenoid 37 to
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change the pressing force of the pressing device 47 from F 5,
to F,, (step S43). As a result, the object 6 1s pressed by the
contact portion 56/ of the pressing member 56 with the
pressing force F,, 1n the region Al (FIG. 13B) so that the
object 6 1s not turned upward. In this state, the cutter 4 1s
moved so that the blade edge 4¢ thereof reaches the apex P
(end poimnt L, of L,) (step S44). Thereafter, the control
circuit 61 returns to step S21 in FIG. 14.

The control circuit 61 determines at step S21 whether or
not the blade edge 4¢ of the cutter 4 1s currently located at
the endpoint L . of the cutting line L, that 1s, whether or not
the cutting of all the line segments L, to L, has ended. In
this case, since the line segments L, to L, 5 have not been cut
(NO at step S21), the control circuit 61 starts the cutting of
the line segment L, until the end point L, - 1s reached (step

S16). The second speed setting processing 1s executed at
step S17 (see FIG. 15).

In the second speed setting processing, the control circuit
61 determines at step S31 whether or not the moving speed
ol the cutter 4 relative to the object 6 1s set at the first speed
(lower speed). When determining that the moving speed of
the cutter 4 relative to the object 6 1s set at the first speed
(YES at step S31) and that the line segment L, exceeds the
distance a (YES at step S32), the control circuit 61 deter-
mines that the moving speed of the cutter 4 relative to the
object 6 1s set at the first speed (lower speed) 1n the cutting
of the line segment [, and maintains the pressing force F ., .
More specifically, when the blade edge 4¢ has reached the
apex P, the cutter 4 1s changed to the direction of the line
segment L., whereupon a clear acute cutting can be
executed. Moreover, since the moving speed of the cutter 4
relative to the object 6 1s set at the first speed (lower speed),
a continuous stable cutting can be executed without step-out
of the motors 15 and 26 1in spite of strong pressing force I, .
Thus, when having finished the cutting of the line segment
L., by distance a (region A,) (YES step A33), the control
circuit 61 changes the pressing force of the pressing device
47 from F,, to F ., (step S34). The control circuit 61 further
changes the moving speed of the cutter 4 relative to the
object 6 from the first speed (lower speed) to the second
speed (higher speed). More specifically, the control circuit
61 sects the relative moving speed of the cutter 4 to the
second speed (higher speed) (step S35), returning to step
S18 1n FIG. 14. When determining at step S32 that the length
of the line segment L, has not exceeded the distance a, the
control circuit 61 maintains the pressing force F,, in the
cutting of the line segment L, and the first speed (lower
speed).

The control circuit 61 computes an angle 0 made between
the line segment L, and the line segment L, to be subse-
quently cut, based on line segment data of L;. The control
circuit 61 then compares an angle o obtained by computa-
tion with the threshold T, thereby executing the same cutting
processing as the first line segment L, with respect to line
segment [, or the first speed setting processing (steps S19
and S20). Steps S16 to S21 are thus repeated 1n the sequence
of line segments L, to L, 5, the cutting processing 1s executed
with the suitable moving speed and the suitable pressing
forces F,, and F ., for every regions Al and A2 1n each of
the line segments L, to L, ,. Furthermore, since the pressing
force 1s 1ncreased at five corners as shown by “P” in FIG.
13A 1n the cutting processing, the object can be cut with
clear acute lines. When determining that the cutting has been
executed up to the end point L10E of the cutting line L of
the “star” pattern (YES at step S21), the control circuit 61
moves the cutter holder 5 to the raised position (step S22),
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deactivates the solenoid 57 and moves the pressing member
56 upward (step S23), ending the processing.

Upon finishing the cutting of the object 6, the user
removes the object 6 from the holding sheet 10. In this case,
since the adhesion of the adhesive layer 10a of the holding
sheet 10 1s set at the aforesaid value F., the object 6 can
casily be removed from the holding sheet 10. In the third
embodiment, steps S17, S20, S34 and S43 serve as a
pressing force setting routine of setting the pressing forces
F,, and F,, of the pressing device 47. Steps S18, S32, S33
and S41 serve as a region specilying routine of speciiying
the region where the adhesive retention of the adhesive layer
10a. The control circuit 61 serves as a control unit and
controls the pressing device 47 so that the pressing force of
the contact portion 356/ applied to the object 6 1s diflerenti-
ated or changed between a case where the region Al
specified by the region specitying routine 1s cut and a case
where the region A2 other than the region Al 1s cut.

According to the third embodiment, the object 6 can be
held both by the adhesion of the adhesive layer 10a of the
holding sheet 10 and by the pressing force of the pressing
device 47. The region A1 where the adhesive retention 1s
insuilicient, such as the corners of the cutting line L, 1s
specified by the region specitying routine. When the region
Al 1s to be cut, the pressing force applied to the object 6 1s
increased so that the pressing force is differentiated or
changed from that in the cutting of the other region A2. As
a result, the region A1l where the adhesive retention 1is
insuilicient 1s pressed by the contact portion 56/ of the
pressing device 47 thereby to be held so as not be turned
upward, whereupon the region Al can be accurately cut
along the cutting line L.

The control circuit 61 serves as a speed control unit and
executes the speed control routine of controlling the moving
speeds of the cutter 4 and the object 6 relative to each other.
The control circuit 61 1s configured to differentiate or change
the relative moving speed of the cutter 4 between the case
where the region Al 1s cut and the case where the region A2
other than the region Al i1s cut. According to this configu-
ration, the moving speed of the cutter 4 relative to the object
6 can be changed according to the pressing forces F,, and
F ., pressing the object 6. Accordingly, when the load due to
the movement of the cutter 4 relative to the object 6 1s
increased, the moving speed can be controlled so as to take
a suitable value according to the load. Furthermore, when
the load due to the movement of the cutter 4 relative to the
object 6 1s reduced, the relative moving speed of the cutter
4 1s increased such that the cutting time can be reduced.

The control circuit 61 further serves as the region speci-
tying umt and executes the region specilying routine of
specilying the region Al where the angle 0 made by the
neighboring line segments L. ; and L, 1s not more than the
threshold T. According to this configuration, the region Al
including the corner of the cutting line L tends to be easily
turned upward during the cutting and can be specified.
Accordingly, since the specified region Al 1s pressed by the
contact portion 56f of the pressing device 47, the object 6
can be prevented from being turned upward, whereupon the
object 6 can be cut clearly.

The foregoing embodiments are not restrictive but may be
modified or expanded as follows. Although the cutting
apparatus 1 1s applied to the cutting plotter, the apparatus
may be applied to various apparatuses with respective
cutting functions. The pressing unit may be configured to
move the pressing member upward and downward using
another actuator such as an electric motor instead of the
solenoid 57. Furthermore, the contact portion 56/ may be
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made of a material having a low frictional coellicient except
for fluorine resin such as Tetlon. The surface of the contact
portion 56/ (the surface 1n contact with the object 6) may be
coated with fluorine resin. Bright electroplating may be
applied instead of the coating of fluorine resin.

The pressing device 47 may be controlled so that an
amount of pressing the contact portion 56f applies to the
object 6 1s changed or differentiated between the case where
the region Al 1s cut and the case where the region A2 other
than the region Al 1s cut when the object 6 1s cut. More
specifically, when a relatively thicker sheet such as felt
serving as the object 6 1s cut, corners tend to be ecasily
rounded. In view of the problem, the processing of increas-
ing an amount of pressing the pressing member 56 applies
to the region Al 1s executed instead of the above-described
step S43. In this case, since the pressing force of the solenoid
57 1s improved, substantially the same processing as step
S43 1s executed. As a result, the height of the contact portion
56/ can be adjusted so that the thickness of the sheet is
suppressed. Accordingly, each corner can be cut so as to
have a clear acute angle. In the case where an amount of
pressing the contact portion 56/ applies to the object 6 1s
controlled, the processing may be executed so that the height
of the contact portion 36/ 1s slightly increased when the
region A2 1s cut, istead of step S34.

Regarding the control unit in the first embodiment, the
pressing force FP produced by drive of the solenoid 57 may
be controlled so as to satisty the expression (1). Also,
regarding the control unit in the third embodiment, the
pressing forces F,, and F ., may be controlled so as to satisty
the atorementioned expressions (2) and (3). More specifi-
cally, for example, the resultant force of the adhesion F . and
the pressing force F,, may be set at the same value as the
necessary holding force F.,, and the resultant force of the
adhesion F. and the pressing force F,, may be set at the
same as the necessary holding force F,,,. Furthermore, the
resultant force of the adhesion Fs and the pressing force F
may be set at a value exceeding the necessary holding force
FN1, and the resultant force of the adhesion F. and the
pressing force F,, may be set at the same as the necessary
holding force F,,.

The storage medium storing the cutting control program
should not be limited to the ROM 62 of the cutting apparatus
1. The storage medium may be CD-ROM, a tlexible disc,
DVD, external memory 64, instead. In this case, data stored
in the storage medium 1s read into the computer serving as
the control unit of the cutting apparatus 1 to be executed,
whereupon the same work and eflect as in the above-
described embodiments can be achieved.

The foregoing description and drawings are merely 1llus-
trative of the present disclosure and are not to be construed
in a limiting sense. Various changes and modifications will
become apparent to those of ordinary skill in the art. All such
changes and modifications are seen to fall within the scope
of the appended claims.

What 1s claimed 1s:

1. A cutting apparatus in which a cutting blade and an
object to be cut are moved relative to each other based on
cutting data, so that the object 1s cut by the cutting blade, the
cutting apparatus comprising:

a holding member which 1s disposed at a position opposed
to the cutting blade and has an adhesive layer remov-
ably holding the object;

a pressing umt which presses the object held by the
holding member, the pressing unit having a contact
portion which 1s brought into contact with the object;
and
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a control unit which determines, 1n a cutting line of the a case ol cutting other portions 1n the first and second
object cut by the cutting blade based on the cutting line segments 11 1t 1s determined that the angle of the
data, whether an angle of a corner made by a first line corner made by the first line segment and the second
segment and a second line segment adjacent to each line segment 1s not more than the threshold.
other among a plurality of consecutive line segments 3 2. The cutting apparatus according to claim 1, wherein the
constituting the cutting line 1s not more than a prede- control unit 1s further configured to control moving speeds

of the cutting blade and the object relative to each other; and
moving speeds of the cutting blade and the object relative

to each other are made slower 1n a case of cutting a

10 portion within the predetermined distance from the
apex of the comer in each of the first and second line
segments compared to a case of cutting other portions

in the first and second line segments 1i 1t 1s determined

that the angle of the cormmer made by the first line
increased in a case of cutting a portion within a 15 segment and the second line segment 1s not more than

predetermined distance from the apex of the corner in the threshold.
each of the first and second line segments compared to % ok k%

termined threshold, the first line segment having an end
point positioned at an apex of the corner corresponding
with a start point of the second line segment,
wherein the control unit controls the pressing unit so that
when the object 1s cut by moving the cutting blade and
the holding member holding the object relative to each
other, at least either an amount of pressing or a pressing
force of the contact portion against the object 1s
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